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Ã -�,)=.q�3Y`6,�3Y,<Pg`6-�=.]4=e5�SbPT(+]^=<K�ÄÅ,<PR3&S¢[\,M2>=.q�3Y`6,�?hÆ^JL,<*ES¢PÁ(+]²Vc,<*+=MteW�-	(+JLSbP�FHSbJLÆ^]4(+A
3YS4=.-jÇ�?0V1F¨È�;I*R=M5.*�(+JÉS42Ê3�=Ë;^*R=<[\S4te,Ë3Y`�,Ì(�te[�(+-�PR,etÍPÁ=<JL;IÆ^3�(+3YS4=<-�(+]"*f,M2�=.ÆI*�PR,e2
*,MÎ�ÆISb*,MtÏqE=<*Ë3Y`�,Ì;I*R=.PR,e2Ð24Sb-�5Ñ=<q13Y`�*,<,´teSbJL,<-�24S4=<-�(+]®(+,.*+=MteW�-�(+JLSbPT24uÒ5.,.-�,<*�(+]
Ó ÆIS4tÑteW�-	(+JLSbPÁ2�u%(+-�tÑ=<3Y`�,.*1]4(+*+5�,Ô24PT(+]b,Õ24PRSb,<-�3YSbÖ^P×24SbJLÆI]4(+3YS4=.-Ø(+-	tÕJZ=etM,<]bSb-�5
(+;I;I]bSbPT(+3YS4=.-�2ÐU�Ù�`6,!?0Ú^FH?ÛÇ�?hVcFÒÚ^*+=<Pg,e2Ð24Sb-�5ÊFHW�243Y,.JÜ?0,<3&ÝÞ=<* O ÈTS42"(+-L(�te[�(+-�PR,Mt
PT=.JL;IÆI3�(+3YS4=.-�(+]eqE(+PgSb]bS¢3&Wß3�(+Sb]4=.*f,et®3E=�3Y`�,�;I*R=.PR,e2Ð24Sb-�5ß=.q¨3Y`�*f,.,®teSbJL,.-�2�S4=.-�(+]^(+,.*R=<A
teW�-�(+JLSbPT24u�5.,.-�,<*7(+] Ó ÆIS4tàteW�-�(+JLSbPT24u�(+-	tà=.3Y`�,<*Ê]4(+*+5�,á24PT(+]b,á24PRSb,<-�3YSbÖ^PË24SbJLÆI]4(+A
3YS4=.- (+-�tâJZ=etM,<]bSb-�5É(+;I;^]¢SbPÁ(+3YS4=<-�2ÐUáÙ^`�,ãqE(+PRSb]bSb3YWäS42å=.-�,â=<qd3Y`�,ã;I*f,<JLSb,.*
24ÆI;I,.*PT=.JL;IÆI3Y,.*:Pg,<-�3Y,.*72	Sb-æ3Y`�,aÝÞ=<*E]4t×(+-�th;^*+=<[\S4te,M2N24PRSb,<-�3YSbÖ^PÊPÁ=<JL;IÆI3E(+3YS4=<-�(+]
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24,<*E[\S¢Pg,e2G3�=à(hÝ0S4tM,æ*�(+-�5.,à=.qÊ]4=<PT(+]Ò(+-	tà*f,.JZ=<3Y,áÆ>24,.*72Gq&*R=.J ?hVcFHV1u	@ Ã @au
=.3Y`6,.*��h=.[\,<*E-6JL,.-�3�(�5�,<-�PRSb,M24u>(+-�tÞ;I*�Sb[�(+3Y,0Sb-�teÆ>243Y*EW�U²FHSb-�PR,0Sb3�2NSb-�PR,.;I3YS4=.-ÕSb-
�+B�n�C�u"?0V1FÕ`�(�2aKM,.,<-´Sb-�3Y,.*f,M243Y,et S¢-´`�S45�`´;I,<*EqE=<*EJZ(+-�PR,Z5�*�(+;I`6SbPÁ2aÝÞ=<* O 243�(+A
3YS4=.-	2ÐUÐÙ�`6,ÊqE(+PRSb]bSb3YW)S42>2�WX243Y,.JZ(+3YSbPT(+]b]bW),.-�`	(+-�PR,MtcKMW®Sb-�PT=<*E;>=<*�(+3YSb-�5)243�(+3Y,c=.q63Y`�,
(+*�3I`�S45.`�A&,.-�tá5�*7(+;I`�SbPÁ2XÝÞ=<* O 2�3E(+3YS4=<-�2XqE=.*Ê24PgSb,<-�3YSbÖ^PN[\S424Æ>(+]bS��\(+3YS4=.-Ì(+-�tá(+-�(+]bW�A
24S42a=.q�24ÆI;I,.*PT=.JL;IÆI3Y,.*®t�(+3�(1*,M2�Æ^]b3�2ÐUHÙ�=hJZ(+Sb-�3�(+Sb-Ô3Y`�S42a=.K.ÄÅ,.PR3YSb[\,.u¨?0V1Fæ3&,e243�2
(+-�t),.[X(+]bÆ:(+3Y,e2^3Y`�,�]4(+3Y,e2436Sb-0`�S45.`0;I,.*�qE=.*�JZ(+-�PR,�PT=<JL;^ÆI3YSb-�5�Jà(+Pg`�Sb-6,.*�W�U

�0S45.` ;I,.*�qE=.*�JZ(+-�PR, 5.*�(+;I`�SbPT2áÝÞ=<* O 243�(+3YS4=.-�2áÝ0,<*f,´3Y`�,Ñ3�(+*R5.,.3Í=<qÌ(Z*,<Pg,<-�3
Sb-�[\,e243YS45�(+3YS4=<-�UI?0V1FàPÁ=<-�teÆ^PR3Y,Mtd(l3Y,.PR`�-�=<]4=M5.W (�2Ð24,e2Ð24JL,.-63 =<qGÝÞ=.* O 243�(+3YS4=<-
;I,.*�qE=<*EJZ(+-�PR, Sb-6Pg]bÆ>teSb-�5h/NÚ��1u�5�*7(+;^`6SbPÁ24u�(+-�táPÁ=e243�U���3"ÝÞ(�2ate,<3Y,.*�JLSb-�,Mtá3Y`�(+3
3Y`�, ;>=.3Y,.-63&S�(+]�ÝÞ=.* O 243�(+3YS4=.-Ì[\,.-	t�=<*�2�Æ^-�te,<*�PT=.-	24S4te,.*7(+3YS4=.-ÔÝ0,<*f, ;>(+*E3�=<q:3Y`�,
FHPRSb,.-�3YSbÖIP��^-�5�Sb-6,.,<*ESb-	5�� =<* O 2�3E(+3YS4=<-pÚ^*R=<PRÆ^*,<JL,.-�3hÇ�F����ÑÚ:È%3Y`�(+3 �0=et�t^(+*Rt
FH;>(+PR,�s�]bS�5�`�36/N,.-�3Y,<*!(+ÝÞ(+*+te,Mt)Sb-"!&ÆI-�,®�+B�B�v\U
# ·b¸ $&%�»('N½�¾

Ù�`6,�,<[�(+]bÆ>(+3&S�=.-0;I*R=<PR,MteÆ^*,ÊPT=.-�24S42�3&,et =.q�*�ÆI-�-�Sb-�5®(G24Æ^Sb3Y,)=.q�?hVcF1KM,.-6Pg`�A
JZ(+* O 2:=<-0,M(+PR`0[\,<-�t^=.*�)¢2^JZ(+PR`�Sb-�,eU+Ù�`6,�qE=<]b]4=.Ý0Sb-�5�[\,.-	t�=<*�2^;I*+=<[\S4te,Mt (
JZ(+PR`�Sb-�,ÊqE=.*	K�,<-�PR`�JZ(+* O Sb-�5+*�@1S�5�Sb3�(+],�:Î�ÆISb;IJL,.-636/c=<*�;:=<*�(+3YS4=<-ÞÇ�@-�^/1È�u�0,<Ý0]b,.3Y36Ú:(+P O (+*+tæÇ.�hÚ:È�u/�&-�3Y,.*�-�(+3YS4=.-	(+]e_�Æ>24Sb-�,e2Ð2^ij(+Pg`6Sb-�,M2:Ç.�&_^ipÈ�u�FHSb]bSbPT=<-�a*7(+;I`�SbPT20�&-�PÁ=<*�;:=<*�(+3YS4=<-æÇ�F�� �ìÈ�u²(+-�tÒFHÆI-®iZSbPR*+=M2�WX243Y,.JZ2	Ç FHÆ^-�È&U1�Þ,%PT=<JL;^S¢]b,Mt
(+-�tÒ*�(+-®K�=.3Y`æ(!5�*7(+;I`�SbPT26K�,<-�PR`�JZ(+* O (+-�t0( Ó =.ÝÜ2Ð=<]b[\,<*�KM,.-�PR`�JZ(+* O =.-®,e(+PR`
;I]4(+3YqE=.*�JZU+Ù�`6,�*,e24ÆI]b3�2^Ý0,.*,Ê3�(+K�ÆI]4(+3Y,Mt (+-�t)3Y`�,.-×(+-�(+]bW2��,et®K�(�24,etæ=<-0;I*ESbPR,
(+-�t);I,.*�qE=.*�JZ(+-�PR,MU+Ù^`�,Ê[\Sb3�(+]^243�(+3YS4243YSbPT2^qE=.*	,M(+PR`0JZ(+PR`�Sb-�,ÊK�,<-�PR`�JZ(+* O ,Mt (+*4,
]bS4243Y,et®KM,<]4=.Ý Sb-03�(+KM]b,®��U

Ù�`6,�s�]4=<Ý /1=Mte,�_^,.-6Pg`6JZ(+* O Ç�Ù^s�/N_�ÈÁÝÞ(�2:tM,e24S45�-6,Mt®3�=�,43Á,.*4PgS42�,�3Y`�,�ÝÞ=.* O Sb-�5
,<-�[\Sb*R=.-6JL,.-�3h=.qa3Y`�,ÌJZ(+PR`�Sb-�,�(+-�tÏ3�=ÌJL,e(�24ÆI*,ÍSb3�2 Ó =e(+3YSb-�5Ô;>=.Sb-63a;I,<*EqE=<*EA
JZ(+-�PR,áÙ�`�,áKM,.-�PR`�JZ(+* O *f,MÎ�ÆISb*,Mtà3Y`�,áJZ(+PR`�Sb-�,á3�=Z2�Æ^PRPR,M2Ð24q&ÆI]b]bWZPÁ=<JL;ISb]b,à(
24,<*ESb,e2!=<qX;I*R=M5.*�(+JZ265I5�,.-6,.*7(+3Y,Ë(c24,MÎ�ÆI,.-�PR,0=.q�5.*ES4t^2!(+*Ð=.ÆI-�tÞ(ÊJLÆI]b3YSbA&,.]b,<JL,.-�3
(+Sb*NqE=<Sb]^PT=.-6Ö:5�ÆI*�(+3YS4=<-75\*Æ^- (G;I*R=e5�*7(+J Ý0`�SbPR` 5.,.-�,<*7(+3&,e2:S¢-�3Y,.*�;>=.]4(+3YS4=<- t^(+3�(
Æ>24,Mt�3�=´PT=.-�-�,<PR3Ë3Y`�,´KX=<Æ^-	t�(+*�Sb,e2à=.qË3Y`�,M24,�5.*ES4t^2à(+-�t�;>(�2Ð2æSb-�qE=<*EJZ(+3YS4=<-
KM,.3YÝ0,.,<-l3Y`�,<J�5�(+-�tßÆ>24,�3Y`�,M24,ß5�*�S4t^2�(+-�tßK�=.ÆI-�t^(+*EW PÁ=<-�teSb3YS4=.-�2�(+-�tß*ÆI-l3Y`�,�&?0FHk�@ Ó =<Ý 2Ð=<]b[\,.*�qE=<*�3Y`�S42�PT=.-6Ö:5�ÆI*7(+3&S�=.-�U<Ù^`�,a/NÚ�� Ó =e(+3YSb-�5c;>=<Sb-�3�;I,<*EqE=<*EA
JZ(+-�PR,�ÝÞ(�2^Já,M(�24ÆI*,et®Æ>24Sb-�5®=.-�]bW®3&`6,�,43Á,.PRÆI3YS4=.-03YSbJL,)=.q�3Y`�, Ó =.Ý 2Ð=<]b[\,<*U

8�9;:=<2>@?BA
Workstation Configurations
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Ù�`6,Y�&?0FHk�@ Ó =.Ý 2�=.]b[\,<*×2Ð=.]b[�,M2c3&`6,ÌSb-6PÁ=<JL;I*,e2Ð24SbKM]b,Í?Þ(+[\Sb,<*A&FH3�= O ,M2c,MÎ�Æ>(+A
3YS4=.-	2^Sb-h3YÝÞ=.AEteSbJL,<-�24S4=.-	(+]^5�,<-�,<*�(+]bS���,et)PRÆ^*�[\Sb]bS¢-�,M(+*	PT=e=.*+teSb-�(+3Y,e2ÐUZ�&36*,<qE=.*�JLÆIA
]4(+3Y,M2�3&`6, ,eÎ�Æ>(+3YS4=<-�2�Æ:2�Sb-�5h3Y`�,á(+*E3YSbÖIPgS4(+]�PÁ=<JL;I*f,M2�24SbK�Sb]¢Sb3YW×JL,.3Y`�=etá3E=ßqE=.*�J (
`�W�;I,<*EK�=<]bSbPh24WX243Y,<J =<q�,eÎ�Æ>(+3YS4=<-�2ÐU�Ù^`�,)PÁ=<-�[\,<PR3&Sb[�,)3&,<*�JZ2�(+*f, (+;I;I*R=D3TSbJZ(+3Y,Mt
Æ>24Sb-�5 (+- Æ^;IÝ0Sb-	t Ó Æ[3ÁAEteSbq�q&,.*,<-�PR, 2�;^]¢Sb3&3YSb-	5 24PR`�,<JL,MUNÙ^`�,Ñ,MÎ�Æ>(+3YS4=.-�2à(+*,
2Ð=<]b[\,MthÆ:24Sb-	5l(+-æSbJL;I]bSbPRSb3=�h(+Æ:2�24A&FH,.S4t^(+]6]bSb-�,.A&*f,<]4(Z3�(+3YS4=<-áJL,<3Y`�=Mt^U<Ù^`�,aÖ^-6Sb3Y,.A
teSbqrq&,<*�,<-�PR,ÊPÁ=ete,®(+PRPR,.;I3�2:2�3&*Æ^PR3YÆI*�,et 5�*�S4t^2^Ý0`�SbPR`0PT(+-h`�(+[\,Ê,.Sb3Y`�,<*N(G24Sb-�5.]b,)=.*
JLÆI]b3YSb;I]b,\�\=.-�,e2ÐURsX=.*�PÁ=<-�-�,<Pg3YSb[�Sb3YWRuT3&`6,\�\=.-�,e2�JLÆ:243�`�(+[\,ß2Ð=<JL,�3YW�;I,ß=<q>=<[\,<*EA
]4(+;Iu¨,.Sb3Y`�,<*�;>=<Sb-�3YÝ0S424,hPT=.-63&S¢-�Æ:=<Æ:2a=<*�*7(+-�t^=.JZUHÙ�`6,h]bSb-�,<A&*f,<]4(Z3�(+3YS4=.-´2�ÝË,<,.;>2
(+*,N;I,.*�qE=.*�JL,MtË2�,MÎ�ÆI,.-�3YS4(+]b]bWc3Y`�*+=.Æ>5�`ß,M(+PR`]�\=<-�,124ÆIPg`ß3Y`�(+3�3Y`�,;�\=<-�(+]HK�=.ÆI-�teA
(+*�Sb,M2)(+*,Í2Ð=.]¢[\,MtÍSbJL;I]bSbPRSb3Y]bW´teÆ^*�Sb-�5l3&`6,Ì24Ý0,<,.;ISb-�5l;^*+=<Pg,e2Ð2ÐUMÙ^`�,l*,e24ÆI]b3�S42)(
*R=.KMÆ>243:(+-�t ,.q�Ö^PRSb,<-�3 Ó =<Ý 2Ð=.]b[\,<*:Ý0Sb3Y` qE(�243IPÁ=<-�[\,<*R5.,.-�PR,eU�Ù^`�,ÒKM,.-6Pg`�JZ(+* O S42
24Sb-�5.]b,�;I*,<PgS42�S4=.-Þ(+-�t)Æ>24,M2>(+KX=<Æ^3	�+kGià_Õ=<q�JL,.JZ=<*�WTU

Ù�`6,×5.*�(+;I`�SbPT2�K�,<-�PR`�JZ(+* O S42a=<-�, ,D3T,.PRÆ^3�(+KM]b, Ö^]b, Ý0`�SbPR`Ô*f,e(�t^2a( Ó ÆIS4t Ó =<Ý
t^(+3�(NÖI]b,.u�te*7(+ÝÞ2�2Ð=.JL,�SbJZ(�5�,e2�=.qI3Y`�(+3"t^(+3E(+u�(+-�tß;I*�Sb-�3�2X3YSbJLSb-�5�2X3�= 2�3E(+-	t�(+*Ðt
=.ÆI3Y;IÆI3EURÙ�`�,�KM,.-�PR`�JZ(+* O 3Y,e243�2X*7(+-�t�=<J 24,e5�JL,<-�3�24uÁ*7(+-�t�=<J 3Y*�S4(+-�5�]b,e24uÁÝ0`�=<]b,
(+-�tc3Y*�SbJLJL,Mtc?"�19>_^FHuN��A&K�ÆIq�q&,<*,MtcÝ0Sb*,!JL,M24`�,e2>=<q6Ý0S4te3Y`×=.-6,)(+-�tc3YÝÞ=<u�[�(+*�A
S4=<Æ:2¨;>=<]bWX5�=<- JL,e24`�,e24uM(+-�t1*�(�243Y,<*�=.;I,.*7(+3YS4=.-	2"24ÆIPg`á(�2¨*f,e(�tMu.Ý0*�Sb3Y,<uM(+-�t1Pg]b,e(+*�U�Í,×(+*�,hJZ=e243Y]bWÍSb-�3Y,<*,M243Y,etÞS¢-Õ3Y`�,M24,h3YSbJLSb-�5�2�uIK�ÆI3:Ý0,Þ(+*f,Þ(+]�2Ð=0Sb-�3Y,<*,M243Y,et×Sb-
3Y`�, (+;I;I,e(+*�(+-�PR, =<q!2�=.JL, =<q	3&`6,)3Y,M243�2ÐUN�&-Þ;>(+*�3YSbPRÆ^]4(+*�u�Ý0,)q&*,eÎ�ÆI,.-63Y]bWæ-�,.,et 3�=
te*�(+Ý ;>=.]bW�5�=.-	(+]X24Æ^*�qE(+PR,M2�=<[\,.*�]4(+S4tßÝËS¢3&`l]bS¢-�, 24,e5�JL,.-63�2ÐU7Ù^`�S42XSb-�PR]bÆ>tM,e2�24ÆIPg`
3Y`�Sb-�5M2!(�2�;>=<]bWX5�=<-à=<Æ^3Y]bS¢-�,M24u²PÁ=<-�3�=.ÆI*�]bSb-�,e2�Sb-Õ24PT(+]4(+*�ÖI,.]4t^24uI(+-�tÞ=.-�A&3Y`�,<AE24ÆI*EA
qE(+PR,_^�=<Sb] Ó =<Ýa`Í3Y*�(+PR,M2×Ç&243Y*,e(+JL]bSb-�,e2ÐÈ&U"Ù�`6S420PT(+;>(+K�Sb]bSb3YWdS420]4(+P O Sb-	5 Sb-�JZ(+-6W
;I*,M24,<-�3YAEt^(+WÜ24W�243Y,.JZ24u®(+-�tØSb3()�2l;I*f,M24,<-�PR, Sb- 3Y`�, -�,<Ý 24W�243Y,.JZ2ËS42Ì5.*,e(+3Y]bW
te,M24Sb*,et^U+Ù�`�,)5�*7(+;^`6SbPÁ2^KM,<-�PR`�JZ(+* O PÁ=etM,ÊÆ>24,M2:(+K�=<Æ^36v�C�ià_Õ=<q�JL,.JZ=<*EW�U

b ·b¸ cd%7eÁ¿gf�»(e

Ù�`6,�*,e24Æ^]b3�2:=<q�K�=.3Y`0/NÚ�� (+-�t 5�*7(+;I`�SbPT2^K�,<-�PR`�JZ(+* O 2:(+*f,)5�Sb[\,<-0KM,.]4=<ÝßU+s�S45.A
ÆI*�,e2���3Y`�*R=<Æ:5.`®mN`�S45�`�]bS�5�`�3e3Y`�,�/NÚ[�´*f,M24ÆI]b3�24u²(�2\Ý0,.]¢]6(�2\3Y`�,�JZ=.*f,�Sb-�3Y,.*,e243YSb-�5
5�*7(+;I`�SbPT2^K�,<-�PR`�JZ(+* O 2^*,e24ÆI]b3�2ÐU

8h9;:=<2>jiBA
TFCB Benchmark Results

Vendor DEC/Kubota HP IBM SGI SUN/ES³)�g�T�E� k�F�G�L�L § Q�±Rl[U�Q�L E�F�G ¦ ¯2HmI�J�K G�J�LX¬�~/M M"�.�BO+±�¯2I�I�L�L �R� 8 L�±RG�Q
¤����g�on��1OÐ�E������^�������
�����4�E�f�7�.�T�qp 8 U�E�G U�G�G 8 Q�U�E 8 Q�G�I 8 E 8 L
³)¤Br+M § � I.£ T 8 Q.£ U U.£ G U.£ U I.£ J
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8�9g:�<2>@sBA
Graphics Benchmark Results

Vendor DEC/Kubota HP IBM SGI SUN/ES³)�7�T�E� k�F�G�L�L § Q�±tl[U�Q�L E�F�G ¦ ¯2H2I�J�K G�J�LX¬�~NM M��.�uOÐ±¢¯2P+Q �R� 8 L�±tG�Q
¯������vM�³Ñ�ZPT¬	³jPT��~Á�Sn¢���E��CR���E��p
�������E�!¥7��� Q�G�J�L�U 8 E�G�J�Q Q�E�G�J�U 8 L�U�U�U�E 8 T�L�G
�Á����¡��g¥���� F�G�G�G�U Q�F 8 J�J F�L 8 J�T F�Q�L�L�L�L wr� CR�
�������E�!����������� Q�G�F�T�U Q�U�U�U�E F 8 F�E�F 8 L�L�L�L�L Q�E�T�E
�Á����¡��g����������� F�G�G�G�U I�F�Q�I�F F�G�G�G�U J�L�L�L�L�L � C+�
¯������vM�³Ñ~T¯�¢�	��¬Sr+PT�Sn¢���&��CR���E�xp
�������E�!¥7��� F�F�F�F 8 G�G�L U�I�T T�F�G�E U�U
�Á����¡��g¥���� F�Q�L�L 8 U�G�Q E�L�I T�Q�I�T � C+�
�������E�!����������� Q�L�G 8 F 8 J�F�T 8 8 U�J�I�Q U�T�G�U�G 8 T�J�L
�Á����¡��g����������� Q�E�G�J�U Q�T�U�F�L 8 E�T�E�J F�Q�L�L�L�L � C+�
� © ¯�«T�vn��.�T�Y¥7�yC+�4�E�xp
�������E� 8 G 8 J 8 L F�L J
�Á����¡�� 8 I�J 8 T�J 8 I F�L � C+�
�������E�!���Y��� 8 I 8 J 8 T Q�I J
�Á����¡��g���Y��� 8 U�J Q�Q�E Q Q�E � C+�
¯����R~+PT¯
M § PT¯���~TtM����vn����&�����E�yC+�4����p
¥��������E��±¢�f���E��� F�U E 8 L U�L E�I
�������7�E±¢���E��� Q 8 8 Q�I L
�������7�E±¢���&����� G Q U�L Q�L 8

z ¢¯2PT¤�¯M��³@P!³@PT�+µ{PT�vn��4�E��CR���E�xp
�������E�!�%�+| 8 Q�G 8f8 L�I Q�I�F�E 8 J Q�T 8 E�E�G I 8 F�I�J�E E�Q�G�E 8
�Á����¡��g�%�+| 8 Q�E�T�T�I�E Q�U�E�F�L�I Q�T�J�L�E�F J�J�L�F�Q�J � C+�
�������E�g}�¥7�T� �.�%�+| 8 Q�G 8f8 L�I Q�I�Q�Q�T�F Q�J�T�E�F�G I 8 T�J�I�T U�J 8f8 J
�Á����¡��~}�¥���� �.�%�+| 8 Q�E�T�T�I�E Q�U�G�G�T�L Q�T�J�L�E�F J�E�L�T�U�F � C+�
�������E�g}�¥7�T� �.�%�+|/Q Q�G 8f8 L�I Q�I�L�J�J�I G�T�F�L I 8 F�I�J�E U 8 U�J�G
�������E�g}�¥7�T� �.�%�+|/Q Q�E�T�T�I�E Q�U�G�G�T�L G�T�F�L J�E�L�T�U�F � C+�
§ MvrZ��¬�M"���vr!³jPÁ�+µ{PT��nR�������T�yC+�4�E�xp
�������E�T������� F�E�U�L�E 8 I�U�U�U J�U�J�L�Q J�T�L�Q�E 8 I�T�J
�Á����¡������ U 8 Q�E�Q 8 G�I�G 8 8 T�T�I�F�E 8 U 8 I�I�T � C+�
�������E�!�7���������.� Q�J�J�I�T 8 F�G�Q�L I�G�I�I�Q U�F�G 8 F 8 I�I�G
�Á����¡��g�7���������.� I�F�U�Q�I 8 I 8 J�G U�F�T�L�F 8 F 8 Q�I�F � C+�
�������E�!��g�.���7��� 8 J�T�Q�U 88 U 8 G Q�F�Q 8 I U�I�Q�T�J T�U�J
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��?a�eVØVc3�3&`6,�3&S¢JL,ß=.q¨3Y`�,�K�,<-�PR`�JZ(+* O u�teS424;I]4(+W ]bS4243�2�Ý0,.*4,�-�=<3¨SbJL;I]b,<JL,.-�3Y,et
Sb-h3Y`�,![\,<*�24S4=<-×=.q6?hÚ�� � qE=<*�3&`6,ÊFHÆI-hÝ0Sb3Y`h3Y`�,��^[�(+-	2>(+-�t)FHÆI3Y`�,<*E]4(+-	t)K�=M(+*Ðt^U
�(�\3Y,D3Á3YÆI*,�JZ(+;I;ISb-�5�-	=.3	(+[�(+Sb]4(+KM]b,)=.-Þ2Ð=<JL,�;I]4(+3YqE=<*EJZ2ÐU
��·b¸ ��Â�eÁÀH¿;e�eÁÂ�½�º���º!¾��Íºg�7f��;eHÂ�e

FHSb-�PR,Ë?hVcFL*7(+-à3&`6,ËKM,.-�PR`�JZ(+* O 24u^3Y`�,Ë[�,.-�t^=.*GÝÞ(�2!-�=.3G(+]b]4=<ÝË,etÍ3�=0Pg`	(+-�5�,
(+-�W®]bS¢-�,M2>=<q6,.Sb3Y`�,<*	3Y`�,c5�*7(+;I`�SbPÁ2IKM,<-�PR`�JZ(+* O PÁ=etM,c=.*�3Y`�, Ó =<Ý 2Ð=.]b[\,<*	KM,<-�PR`�A
JZ(+* O PT=Mte,eU�Ù�`6S42:S42>-�=.3	3�=)SbJL;I]bWæ3Y`�(+3	Ý0,)3Y`�=.Æ>5�`�3	3Y`�,)PT=Mte,e2:Ý0,<*f,æ(+]¢*�,e(�teW
=.;I3YSbJLS���,etÕK�ÆI3!*7(+3Y`�,.*cÝ0,æ3Y`�=.Æ>5�`�3!3Y`6,à243YWM]b,à=<qÊ3Y`�,e24,áPT=etM,e2GJZ=<*f,æPg]4=e24,.]¢W
*,.;I*,e24,.-�3Y,et�()3YWM;^S¢PÁ(+]�?hVcFLÆ>24,<*h(+;I;I]bSbPT(+3YS4=.-àPT=etM,eUeVc-Ñ(+]b3Y,.*�-�(+3YSb[\,ËÝÞ=<ÆI]4t
`�(+[\,aK�,<,.-á3�=1*�ÆI-à=.ÆI*�PT=etM,e2!(+-�tË`	(+[\,13Y`�,1[�,.-�t^=.*�*�ÆI-á3Y`�,1PT=Mte,M2!(+]b]�=.Ý0Sb-�5
2Ð=<JL,Ê;I,.*PR,<-�3�(�5�,)=<q6PT=Mte,Ê]bSb-6,ÊPR`�(+-�5�,eUy��3�24`�=<Æ^]�t)KM,Ê-�=<3Y,Mtc3Y`�(+3\3&`6,)5�*7(+;I`�SbPT2
KM,.-�PR`�JZ(+* O ÝÞ(�2�*�Æ^-Í=<-Ë3&`6,�F��
�¨Æ:24Sb-	5Ò-	(+3YSb[\,\�&9��&Fj�
�æC\U�D+uÁ3Y`�,\�&_^i Æ>24Sb-�5 (
;>=.*�3:=<q=�
�×v\U�D+u¨(+-�th?0Ú[�
�^u²Ý0`�SbPR`æS42%(!KM,.3�(N*f,<]b,M(�24,h=<q�3Y`�,ÒÚ:=<*E3�(+KM]b, �a*7(+;I`�A
SbPT2���-�PT=<*E;>=<*�(+3Y,et×2Ð=<q&3YÝÞ(+*,<uI=<- 3Y`�,Ò@-�^/-�e'ÊÆIKX=<3�(+u²F��1?a�h��[X(+-�24A&FHÆ^3Y`6,.*�]4(+-�teu
(+-�t@�hÚeU+?0Ú[�
�lS42:(:3Y`�Sb*Rt);>(+*�3YW®[\,.*724S4=<-Þ=<q�(:v�@ 5.*�(+;I`�SbPT2I]bSbKM*�(+*�W®q&Æ^]b]bW®PT=.JLA
;>(+3YSbK�]¢,LÝ0Sb3&`Ï3Y`�,LF�� �\��9��&F�� �pC\U�D�U¨F¨=<JL,Z=.q�3Y`�,L?0Ú[�
�pSbJL;I]b,<JL,.-63�(+3&S4=<-�2
`�(+[\,Ê-�=<3�KM,<,.-Þ=<;I3&S¢JLS���,Mt)qE=.*	,e(+Pg`Þ=<q�3Y`�,�`	(+*+tMÝÞ(+*,Ê;I]4(+3YqE=.*�JZ2ÐU
Ù�`6, 5�*�(+;I`�S¢PÁ2 K�,<-�PR`�JZ(+* O PT=Mte, te*�(+ÝÞ2d(å24,<3Ñ=<qàSbJZ(�5�,e2 Æ>24Sb-�5�� ��uÌ(
� te, � qE(+PR3�= � 5�*7(+;I`�SbPT2h]bSbK�*7(+*�W 243�(+-�t�(+*+tjqE=.*æ3Y`�*,<,.AEteSbJL,<-�24S4=<-�(+]ÒSb-�3Y,.*7(+PR3&S¢[\,
PT=.JL;IÆI3Y,.*æ5�*7(+;I`�SbPÁ2�U���-�teÆ>243Y*EWMA&ÝËS�tM,LK�,<-�PR`�JZ(+* O 24u"Ý0Sb3Y`´3YSbJLSb-�5M2a;I*+=<[\S4te,Mt
KMW 3Y`�,�[\,<-�t�=<*72X3Y`�,<JZ24,<]b[\,M2�u�(+*f,�-�=<3"24ÆISb3�(+KM]b,�qE=<*Ê=.ÆI*"-�,<,Mt^2ÐURÙ�`6S42X-6,.Ý ?0V1F
KM,.-�PR`�JZ(+* O PT=Mte,<u	(+-�tæ3Y`�,ßSbJZ(�5.,M2�S¢3�;^*+=etMÆIPR,M2G(+*,®JZ=<*,ß*,.;I*,e24,.-63E(+3YSb[�,á=<q
Ý0`�(+3	S�2:3YW�;ISbPT(+]b]bWæÆ>24,Mt Ý0Sb3Y`�S¢-Þ?0V1FÞ(+-�t 3Y`�, (+,<*+=M24;>(+PR,)Sb-�teÆ>243Y*EWTU�Vl2�24ÆIPR`�u
3Y`�S42¨?0V1FaKM,.-�PR`�JZ(+* O 24`�=<Æ^]4tcWMSb,.]4t1-�Æ^JLKM,<*�2¨Ý0`�SbPR`×(+*4,!JZ=.*,!PR]4=M24,<]bW)Sb-�teSbPRA
(+3YSb[\,à=<q®(+PR3YÆ:(+]�;I,.*�qE=.*�JZ(+-�PR,áÝ0`�SbPR`ÏÝ0,áJZ(+WZ,D3Á;I,<Pg3!3�=Z2�,.,áSb- =.ÆI* (+Pg3YÆ>(+]
;I*R=MteÆIPg3YS4=<-´(+;I;I]bSbPT(+3YS4=<-�2ÐU��^[\,<-ÌSbq:Ý0, Æ>24,etL3Y`�, -�(+3YSb[\,L5.*�(+;I`�SbPT2�]bSbKM*�(+*�W =.-
,e(+Pg` ;^]4(+3YqE=<*EJáu�Sb3NS42�-�=<3NPg]b,e(+*ru�K�(�24,Mt´=<- [\,<-�t^=.*1;I*R=.[�S4tM,etÔ-�Æ^JLKM,<*�24u�3Y`	(+3
(+-�Wæ=<q63Y`�,ÊJZ(+PR`�Sb-�,e2IÝÞ=.ÆI]4tl=.ÆI3\;^,<*�qE=.*�J F��
�EU+VË2 Ã ;I,.-7� � S42¨SbJL;I]b,.JL,<-�3Y,Mt
=.- JZ=.*,!`�(+*RtMÝÞ(+*,!;^]4(+3YqE=<*EJà24u�Sb36Ý0Sb]b]²*f,<;^]4(+PR,!3Y`�,Ê-�,<,MtcqE=.*�?0Ú[�
�Ì(+-�t 2�=.JL,
[\,<-�t^=.*72^Ý0Sb]b]²3&*�W®3E=Ê3�( O ,Êq&ÆI]b]^(�te[�(+-�3�(�5.,®=<q�`�(+*+teÝÞ(+*,Ê;^,<*�qE=.*�JZ(+-�PR,�KMW®;:=<*�3&A
Sb-�5 Ã ;I,<-7�
� 3�=�3Y`�,<Sb*!=<Ý0-0;I]4(+3YqE=.*�JZ2ÐU
V1]b3Y`�=.Æ>5�` 3Y`�, ;IÆI*E;>=e24,Ø=<q 3Y`�S42ËÝÞ=<* O 243�(+3&S�=.- ,<[�(+]bÆ>(+3YS4=.- S4203�=Øte,.3Y,<*EJLSb-6,
Ý0`�SbPR` JZ(+PR`�Sb-�,dÝ0Sb]b]0KM,d;IÆI*PR`�(�2�,Mt qE=.*à3Y`�,p-�,D3T3à5.,.-�,<*�(+3YS4=<- `�S45�` ,<-�t
5�*7(+;I`�SbPT2cÝÞ=<* O 243�(+3YS4=.-�u�2Ð=.JL,ÞÆ>24,<*�21*,eÎ�Æ^S¢*,ÞJZ=.*,Þ/NÚ�� ;^,<*�qE=.*�JZ(+-�PR, (+-�t
]b,e2Ð2L5�*7(+;I`�SbPT2ÐU	Ù�( O Sb-�5Z3Y`�S�2 *,eÎ�ÆISb*,<JL,.-�3cS¢-�3�=j(+PRPT=.ÆI-�3YuN?hVcF (�2�24S45�-�,et o�D
;>=.Sb-63E2IqE=.*N5�*7(+;^`6SbPÁ2I;^,<*�qE=.*�JZ(+-�PR,®(+-�t)C\D�;>=.Sb-63E2IqE=.*	/NÚ��d;I,.*�qE=.*�JZ(+-�PR,MU

�Á����¡��g��g�.���7��� Q�F�E�E 8 88 T�F�G Q�F�T�U�F 8 Q�G�G�E�Q � C+�
w�wY�������E�!���(O+������� � C+� 8 I�I�Q�Q � CR� J�I�L�L�Q � C+�
�Á����¡��g���1OÐ�����r� � C+� 8 I�G�I�F � CR� 8 I�Q�Q�G�U � C+�

8�9g:�<2>@sBA
Graphics Benchmark Results

Vendor DEC/Kubota HP IBM SGI SUN/ES
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Ù�`6,lte,M2�Sb*,MtË/NÚ�� ;I,<*EqE=<*EJZ(+-6Pg,Ë=.-áÙ�s�/N_^uMK�(�24,MtÍ=<-L]bSb-�;>(+P O -�ÆIJLKM,.*72";I*+=<A
[\S4te,Mt KMW�3Y`�,�[\,<-�t^=.*724uGÝÞ(�2Ô(+K�=.ÆI3hk\DÕiZsm� Ã Ú^F¨U:?Þ=.-�, =<q03Y`�,Ï[�,.-�t^=.*72
(+PR`�Sb,.[�,Mt 3Y`�S42ÐU Ú^,<*`�(+;>2Ñ3Y`�,Ü-�ÆIJLK�,<*�2´PÁ=<ÆI]4t `�(+[\,ÜK�,<,.- Pg]4=e24,<* 3�=Ük\D
iZsm� Ã ÚIF1Sbq�2Ð=.JL,Ê[\,<-�t�=<*N=.;I3YSbJLS��\(+3YS4=.-h`�(�t®KM,<,.-0;I,<*EJLSb3Y3Y,et�U
Ù�`6, te,M24Sb*,etå5.*�(+;I`�SbPT2l;I,.*�qE=.*�JZ(+-�PR,�ÝÞ(�2lk�m\D O u�v�@ ��A&KMÆ^qÅq&,.*,et��h=.ÆI*�(+Æ>t
24`�(�te,Mth3Y*�S4(+-�5�]b,e2	;I,.*�24,<PÁ=<-�t^U�Ù�`�,ÒK�,<-�PR`�JZ(+* O 3Y,M243^ÝÞ(�2	qE=<*G=<Æ^3Y]bS¢-�,Mt×Î�Æ:(�teA
*�Sb]4(+3Y,.*7(+]42�;I,<*l24,<PT=.-�t^U\Ù^`�S42�S42�3Y`�,Õ5.*�(+;I`�SbPT2ß=<;I,.*7(+3YS4=.- 3Y`�(+3NK�,e243N3YW�;ISbÖI,M2®(
?0V1F 5�*7(+;I`�SbPT2Ì(+;I;I]bSbPT(+3YS4=.-�U>Ù�`�, JL,M(�2�Æ^*f,Ø=.q×Î�Æ>(�t^2y�^24,<PÕS42Ì(ÔPT=.JL;>=e24Sb3Y,
-�ÆIJLK�,<*�K�(�24,et =<-Ô3&`6,h-�ÆIJLK�,<*ß=<q:[\,.PR3�=.*72%;I,.*®24,.PT=<-�t (+-�tL3Y`�,h-�ÆIJLKM,.*®=.q
3Y*ES�(+-�5�]b,e2�;I,.*c24,<PT=.-�t^UTFHSb-6Pg,æ(hÎ�Æ>(�te*ESb]4(+3Y,<*�(+]^S42�-�=<3Y`�Sb-�5ßJZ=.*4,®3Y`�(+-Í3YÝÞ=®3Y*ESbA
(+-�5�]¢,M2^3Y`�,�;I,<*EqE=<*EJZ(+-�PR,�*f,eÎ�ÆISb*,etæ=.-03Y`�,)Î�Æ>(�t^2y�^24,<P%KM,.-�PR`�JZ(+* O S42^*+=.Æ>5�`�]¢W
�+k�m�' Î�Æ:(�te*�Sb]4(+3Y,.*7(+]42^;I,.*N24,<PÁ=<-�t^U

Ù�`6,�;I*�SbPR,.A&;I,.*�qE=<*EJZ(+-�PR,�3�(+K�]b,�KM,.]4=<Ý 24`�=.ÝÞ2:(+-Í(+-�(+]bWX24S�2�=.q¨3Y`�,®24PT=.*4,e2�KX(�2�,Mt
=.-à3Y`�,Ë;I*,.[�S4=.Æ>2Ê;>(+*7(�5�*7(+;I`�2ÐUMÙ^`�,Ë[\,<-�t�=<*ÒÝ0Sb3Y`Z3Y`�,ËKM,M2�3Ò5�*7(+;I`�SbPT2Ê;I,.*�qE=<*EA
JZ(+-�PR,æÝÞ(�2ß5�Sb[�,.-Ø(L24PT=.*f,Õ=<q)o�DL=<*c-�=<*EJZ(+]bSt��,Mteu%��U Ã 3Y`�,<*c[\,<-�t^=.*72ß24PÁ=<*f,e2
Ý0,.*,Ì-�=<*EJZ(+]bS���,etÏK�(�24,Mt =<-d3Y`�,Ì[\,.-	t�=<*Í(+PR`�Sb,<[\Sb-�5Ô3Y`�,Ì`�S45�`�,e243024PT=.*f,eU��&-
(�t^tMSb3YS4=<-�u�3Y`�,![\,<-�t^=.*�Ý0Sb3Y`h3Y`�,!K�,e243\/NÚ[�d;I,<*Eq�=.*�JZ(+-�PR,ÊÝÞ(�2>5.Sb[\,<-×(�24PT=.*4,)=<q
C\DL=<*l�L(+-	tÑ(+]b]�=.3Y`�,<*�2�Ý0,<*f,æ-�=<*EJà(+]bS���,MtÔK�(�24,Mt´=<- 3Y`�(+3N[\,<-�t�=<*�)¢2�;^,<*�qE=.*�A
JZ(+-�PR,MU�ÙHÝÞ=®;I*ESbPR,®PT=M243�2�(+*,ætMS42�;^]4(+WM,MtæA&A!=.-�,®Æ>24Sb-�5ß3Y`�,®PÁ=e243�K�(�24,MtÕ=<-Í3Y`�,
[\,<-�t^=.*�;I*R=.[\S�tM,et®PÁ=<-�Ö:5.Æ^*7(+3YS4=.-Þ(+-�tæ(+-�=.3Y`�,<*�Æ:2�Sb-�5GPT=M2�3�KX(�24,etæ=.-03Y`�,�JLS¢-�A
SbJLÆIJÛPT=.-�Ö>5�Æ^*7(+3YS4=<-0-�,.,ete,Mt)3�=�*Æ^-03Y`�,ÊKM,.-�PR`�JZ(+* O 2ÐU



�
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_^,.]4=<Ý (+*,�3Y`�,Ê*,.PT=.JLJá,.-�te,Mt)JLSb-�SbJZ(+]I(+-�t®S4te,e(+]ePÁ=<-�Ö>5�Æ^*7(+3YS4=.-	2^qE=.*	3Y`�,
3Y`�*,.,ÊKM,M243	Ç�K�(�24,Mt =<-0;I*ESbPR,,�e;I,.*�qE=.*�JZ(+-�PR,MÈÁJZ(+PR`�Sb-6,M2^Sb-03Y`6,�?0V1F1,.-6[\Sb*+=<-�A
JL,<-�3�U Ù�`�,%;I*�SbPR,M2	(+*,%q&*R=.J 3Y`�,%F����ÑÚhPÁ=<-�3Y*�(+PR3�UEÙ�`�,%JLSb-�S¢JZ(+]ÁPT=.-�Ö>5�ÆI*�(+3YS4=<-�2
(+*,%KX(�24,et0=<-ß3Y`�, O Sb-	t�2	=.q.Äf=.K�2�PRÆI*E*f,.-�3Y]bW1*�Æ^-6-�Sb-�51=.-®ÝÞ=.* O 243�(+3YS4=.-	24u<3Y`�,a24S���,
=.q63&`6,�*R=M=<3Yu�Æ:2�*Yu\(+-�t)3YJL;lÖ^]b,)24WX243Y,<JZ24u\(+-�t (+-Þ=<;^3YSbJZ(+]^(+Jà=.ÆI-�3	=.q�24ÝÞ(+;
24;>(+PR,MU+Ù^`�,�S4te,e(+]ePÁ=<-�Ö:5.Æ^*7(+3YS4=.-hqE=.*	3Y`�,�`�S�5�`0,.-	t®ÝÞ=<* O 243�(+3&S�=.-�2^ÝÞ=<Æ^]4t)KM,
3Y`�,)2Ð(+JL,�K�(�24,)24WX243Y,.JÛPT=<-�Ö:5.Æ^*7(+3YS4=.-0KMÆI36Æ^;>5�*7(�te,Mt)3�=�`�(+[�,®(�3�=.3�(+]^=<q�m\�+k
iZ_Ô=<q�JL,.JZ=<*EWæ(+-�t®n��Ò_Ô=.q�teS42 O 24;>(+PR,eU+Ù�`�,ÊPÁ=e243	=.q�(G24W�243Y,.J =<q�3Y`�S42^JZ(�5�A
-�Sb3YÆ>tM,ÊÝÞ=.ÆI]4t)K�,Ê3YÝ0SbPR,�3Y`�,)(+JZ=.ÆI-�36K�Æ>t^5�,<3&,et)qE=.*	-�,D3T3�5.,.-�,<*�(+3YS4=<-0ÝÞ=.* O A
243�(+3YS4=.-	2^Sb-03Y`�,Ê;:(�2�3EU

8�9g:�<�>j�BA
Price/Performance Evaluation

Vendor Achieved DEC HP IBM SGI Sun�������T�yC+�4�E� I�F�U�Q�I 8 I 8 J�G U�F�T�L�F 8 F 8 Q�I�F 8 I�I�G
³)¤Br+M § � I.£ T 8 Q.£ U U.£ G U.£ U I.£ J
³)��O��������Á� 8 F 8 Q�I�F
³)��O�³)¤Br+M § � 8 Q.£ U
���7�Y�������V}��E�
§ �E�&���7�Y�������f� �SP ¦

HP IBM SGI Sun�������T�yC+�4�E� £ F�F £ 8f8 £ I�T 8 £ L £ L�Q
³)¤Br+M § � £ F�T 8 £ L £ G�Q £ G�Q £ F�J
z �E���7�����E�
§ �E�&���7�Y�������f� �SP ¦

HP IBM SGI Sun�������T�yC+�4�E� 8 T.£ T�I U.£ I�J Q�T.£ Q 8 U�L.£ L�L L.£ U�U
³)¤Br+M § � 8 G.£ G�U I�L.£ L�L Q�L.£ U�F Q�L.£ T�G 8 G.£ Q�I
~+�7����� § �g������� F�G.£ G�L I�U.£ I�J I�T.£ J�G J�L.£ T�G 8 G.£ T�L
§ �&���f� § �E�Y���7�Y�����.�f� �SP ¦

HP IBM SGI Sunw ¦ �g�4�<±����E�.�T�7�²¡T���g±
�����T�E�!�f�7�.°������&�������7� W 8 L�T�ªXT 8f8 W�I�E�ªXT�T�J W 8 L�E�ªXF�U�L W 8 E�G�ªXG�E�L W�J 8 ªXG�U 8
~+�7����� § �g������� F�G.£ G�L I�U.£ I�J I�T.£ J�G J�L.£ T�G 8 G.£ T�LW��ÿ��CR¡��g���.� W�F�ªXL�T�J.£ U�J W 8 ªXL�F�Q.£ G�T W�Q�ª 8 G�Q.£ I�T W�Q�ª 8 U�J.£ J 8 W�G�ª 8 Q�U.£ Q�L
¦ �g�4�<±��E���.���7�hU�I�³)« W�T�F�ªXF�J�G W�I�I�ªXT 8 L W�G�U�ª 8 I�J W 8f8 G�ªXQ�I�J W�J 8 ªXG�U 8
~+�7����� § �g������� F�G.£ G�L I�U.£ I�J I�T.£ J�G J�L.£ T�G 8 G.£ T�LW��ÿ��CR¡��g���.� W�Q�ªXU�F�L.£ U�I W�T�U�U.£ 8 Q W 8 ª 8 Q�U.£ F�U W 8 ªXI�Q�F.£ U�G W�G�ª 8 F�L.£ L�Iw²�����g¡��Y���f�E��¥������E�!�7���ZP z § �f�7���



n

8�9;:=<2>@�BA
HP Minimum Configuration

Model 755 CRX-48Z W orkstation $37,349���.�f���T�T�E� 8 Q�JX³)«!¯��	³)ª�������Q�¬�«!�T���4 7ª ¦ ¯2HI�J�KÒ���Y��¡������f�
�+�7�����������^±����.�f���T�T�E��¤��g�&���&���{T�L�ª������R ¦ ª ¦��+� ª
¡����7�7�&���������(�ÿ�����7�g�� ���� W�U�ªXL�L�U
¤7���	����.�����&������ W�U�ªXU�L�L

�u�B R¡�¢ £�¤�¥�¦X¥�§�§

8�9g:�<2>@¨BA
IBM Minimum Configuration

RS/6000 MDL 590 Server / W orkstation $55,225���.�f���T�T�E�2U�IX³)«!¯��	³)ª�Q�¬�«!�T���� �ª ¦ ��¯2M�³
§ �7���E�²¬	~+I�H�DQ�IX«T���<¬��&��¡��.��������T��¡����E� W�U�ªXT�G�G
Q�¬�«!� ¦ �R¢±RQX�	���4  W�F�ªXE 8f8
�+�7�����������^±����.�f���T�T�E��¤��g�&���&���{T�L�ª ¦��+� ª���tHMª
¬��Y��¡������f��rT��¥7�&���Y�fª�PT�R�Zrgn¢���f����������°T�6����¥��Y���&�Bp W 88 ªXU�J�I
¤7���	����.�����&������ W�G�ªXI�G�F

�u�B R¡�¢ £�©�ª�¦X«�¬�©

8�9;:=<2>@BA
SGI Minimum Configuration

D-45602-RE Onyx Reality Engine 2 $109,466���.�f���T�T�E�2U�IX³)«!¯��	³)ª�I�³)«!���1O+���T���I���E���7�Y�fªQ�¬�«!�T���4 
Q�¬�¥>� ¦ �+¢±RQX�	����  W�G�ªXJ�L�Q
�+�7�����������^±����.�f���T�T�E��¤��g�&���&���{E�E�ª ¦��+� ª����g���±
���E�.�����(�ÿ� z �7�Y �¥7�E�.��.ª���¤7�Rª��	�E�<�E���g¡����E�.�
�g¡������7� W�I�ªXG�J�F
¤7���	����.�����&������ W�U�ªXJ 8 T�u�B R¡�¢ £�®�¬�¯�¦X¯�°�«



B

8�9g:�<2>@±BA
HP Recommended Configuration

Model 755 CRX-48Z W orkstation $37,349���.�f���T�T�E� 8 Q�JX³)«!¯��	³)ª�������Q�¬�«!�T���4 7ª ¦ ¯2HI�J�KÒ���Y��¡������f�
�+�7�����������^±����.�f���T�T�E��¤��g�&���&���{T�L�ª������R ¦ ª ¦��+� ª
¡����7�7�&���������(�ÿ�����7�g�� ���� W�U�ªXL�L�U
nRF�p 8 Q�JX³)«!���E���7�Y�:��¡����&���T�E�2n����g�����~G 8 Q�³)«+p W�Q�J�ªXQ�Q�I
¦ ��±�¯2M"³cª�I����Z�	��~!~+��¡�� W 8 ªXT�E�Q
I�¬�«!���T�T�������7�.���g�T���� ��2n¢���7�����~JX¬�¥Bp��������������.�
���7���E�

$7,284¤7���	�µ��g�4�<¢�.���E�Y�¢���f�Eª��T�����g���������f� W�U�ªXU�L�L
�u�B R¡�¢ £�©�°�¦X¤�ª�§

8�9;:=<2>@²BA
IBM REcommended Configuration

RS/6000 MDL 590 Server / W orkstation $55,225���.�f���T�T�E�2U�IX³)«!¯��	³)ª�Q�¬�«!�T���� �ª ¦ ��¯2M�³
§ �7���E�²¬	~+I�H�DQ�IX«T���<¬��&��¡��.��������T��¡����E� W�U�ªXT�G�G
nRF�pDQX¬�«Ê� ¦ �+¢±RQX������  W 88 ª 8 F�F
�+�7�����������^±����.�f���T�T�E��¤��g�&���&���{T�L�ª ¦��+� ª���tHMª
¬��Y��¡������f��rT��¥7�&���Y�fª�PT�R�Zrgn¢���f����������°T�6����¥��Y���&�Bp W 88 ªXU�J�I
¤7���	����.�����&������ W�G�ªXI�G�F
nRE�pDU�IX³)«!³c�E���g�&�>�T¡��7�&���T��n����g�����~G 8 QX³)«+p W�F�Q�ªXT�E�Q
J����à~+��¡�� W�I�ªXF�U�I

�u�B R¡�¢ £�®�¬�°�¦X°�©�¯
8�9;:=<2>j?B³BA

SGI Recommended Configuration

D-45602-RE Onyx Reality Engine 2 $109,466���.�f���T�T�E�2U�IX³)«!¯��	³)ª�I�³)«!���1O+���T���I���E���7�Y�fªQ�¬�«!�T���4 
nRF�pDQ�¬�¥:� ¦ �R�±tQX�	���4  W 8 E�ªXI�L�U
�+�7�����������^±����.�f���T�T�E��¤��g�&���&���{E�E�ª ¦��+� ª����g���±
���E�.�����(�ÿ� z �7�Y �¥7�E�.��.ª���¤7�Rª��	�E�<�E���g¡����E�.�
�g¡������7� W�I�ªXG�J�F
¤7���	����.�����&������ W�U�ªXJ 8 T
³c�E���7�Y� © ¡����Y���T��n����7�����~G 8 QX³)«+p W�F�I�ªXL�L�L

�u�B R¡�¢ £�®�°�¬�¦X¬�°�¤
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´ ·b¸ µË½�ºNÀ�f�¿geÁÂ�½	º

Ù�`6,!F�� �6JZ(+PR`�Sb-�,NS42¨JZ=e243�K�(+]4(+-�PR,MtË24WX243Y,<JÜKM,.PT(+Æ>24,!Sb3X5.,.3�2¨3Y`�,NJZ=M2�3\;>=<Sb-�3�24u
(�2X,<[\S4te,.-�PR,et KMWhÖ>5�Æ^*f, o�UgÙ^`�,G]bS¢-�,G*,<;I*�,e24,<-�3�2�(%KX(+]4(+-6Pg,etá24WX243Y,.JZUg_:=<3Y`l3Y`�,
teS4243�(+-�PR,cq&*R=.J 3Y`�,c]¢Sb-�,l(+-�tË;:=e24Sb3YS4=<- =<-L3Y`�,c]bSb-�,Ë(+*,Ë24S45�-�SbÖIPÁ(+-63%(�2"3Y`�,cKM,M243
K�(+]4(+-�PR,Mtl24WX243Y,<J ÝÞ=.ÆI]4tcKM,)=<-h3Y`�,!]bSb-�,)(+3\3Y`�,!3�=.;>Uy�Ñ`6,.-hPT=e243\S42IqE(+PR3�=.*4,etcSb-�u
3Y`�,@�0ÚÌJZ(+PR`�Sb-�,)*,<;^*,e24,.-63E2>3Y`�,)]4=.Ý0,e243Nt^=.]b]4(+*N;I,<*N;:=<Sb-�3	qE=<]b]4=.Ý0,et KMW¶�&_�i
(+-�t)F��
��(�2:24,<,.-0Sb-h3E(+KM]b,ÊC\U
· ·b¸ �ÍÀ�¸!ºN½v¹ºf�%�¾g»v��%�º!»�e

Ù�`6,®(+ÆI3Y`�=.*	Ý0S424`�,e2^3�=�3Y`�(+- O FH3YÆ 9�=M5.,.*72^Ý0`�=)24,.]b,<PR3&,eteu�PÁ=<JL;ISb]b,Mteu\(+-�t)*7(+-
3Y`�,ÊÙ�s�/N_�5/!&,.q�q7�0ÆI]b3�Î�Æ^S4243Yu�Ý0`�=ÊÝ0*R=<3Y,.u�PT=.JL;ISb]b,et (+-�t®*7(+-03Y`�,��a*7(+;I`�SbPT2
_^,.-�PR`�JZ(+* O 5<@Ë(+[\S4t-¼ISb;Iu.Ý0`�=N*7(+-á2Ð=.JL,NKM,<-�Pg`6JZ(+* O 2"(+-�taPÁ=e=.*+teSb-�(+3Y,et1Ý0Sb3Y`
3Y`�,%[\,<-�t�=<*7265e(+-�taij(+*ES42Ð(�/N`�(+-�PR,.]b]4=<*�Ý0`�=atMS4ta3Y`�,a=<*ES45.Sb-�(+]�5�*Ð=<Æ^-�taÝÞ=<* O 3�=
243�(+*�3�3Y`6,�,<-�3YSb*,�;I*R=<Pg,e2Ð2ÐU



�g�

DEC½ HP IBM¾ SGI¿ SUNÀ
Vendor

0

5

10

15

20

25

M
F

LO
P

S

Flow Solver Benchmark

Figure 1Á



�+k

DEC½ HP IBM¾ SGI¿ SUNÀ
Vendor

0

50000

100000

150000

200000

Q
ua

dr
ila

te
ra

ls
/S

ec
on

d

Graphics Benchmark
Outlined Polygon Meshes using Display Lists

Figure 2Á
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Figure 3Á
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Figure 4Á
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